Abstract. Urbanization and industrialization lead to the change of land cover from pervious into impervious. This can impact environmental problems such as water quality degradation that affects human health and water ecosystems. The study aimed to develop a regression-correlation model between impervious cover in Ciliwung watershed and water quality indices in Ciliwung river. The correlation-regression model can be used to predict changes in the status of Ciliwung river water quality due to impervious cover changes. Methods of assessing the indices of water quality are CCME-WQI, NSF-WQI, and STORET within the period of 2005-2016. Monitoring locations from the most upstream to downstream are Atta'awun, Katulampa, Kedung Halang, Pondok Rajeg, Panus Bridge, Kelapa Dua, Condet, Kalibata, MT Haryono and Manggarai. Impervious cover data for each water quality monitoring location is processed using ArcGIS Software. Test of correlation significance between percentage of impervious cover and water quality indices using Pearson Correlation test method. The result of correlation test is significantly a strong inverse relationship between impervious cover and water quality indices. The result of regression test is trend line between impervious cover change and water quality indices that can be used to predict the change of water quality status in Ciliwung River.
Introduction
The development of urbanization and industrialization resulted in increased the land cover from pervious to impervious. During 2000-2010 there was an increase of 20% settlement land in Ciliwung watershed [1] . The rapid change of land into commercial building, residential, and agricultural areas that are not properly managed will produce waste water that impact on the decrease of river water quality. The increasing impervious cover resulted in environmental problems such as water quality degradation that affected human health and water ecosystem [2] . The impermeable surface precludes the infiltration of rainwater into the soil and ground water, which cause increased surface runoff water to the river, then leads to changes in water quality [3, 4] .
Impervious cover (IC) is one of the important factors that affect the water quality status [5, 6] . Impervious cover model at first was developed by Schueler (1994) , that aim to find out how the impact of impervious cover toward various water quality and biotic indicators. The Impervious cover model (ICM) defines four categories of urban streams based on how much IC exists in their contributing subwatershed, namely : sensitive, impacted, nonsupporting, and urban drainage [5] . Impervious cover model can be used to predict stream quality. Impervious cover model (ICM) was later modified by Schueler et al. (2009) . This modification prevents the misperception that streams with low subwatershed IC will automatically possess good or excellent quality [5] . Determination of river water quality status is very important to know the condition of river pollution level. Water Quality Index (WQI) is a method of simplification of the number of water quality parameters data into a number that can describe the status of water quality so that it can be understood by the public in general. There are various methods of Water Quality Index (WQI) such as The CCME-WQI Method [7] , STORET method [8] , NSF-WQI method [9] , and other methods.
The study aimed to develop a correlation-regression model between impervious cover in Ciliwung watershed and water quality indices in Ciliwung river. Determination of Ciliwung river water quality status using CCME-WQI, NSF-WQI and STORET method. The correlation-regression model can be used to predict the water quality status in Ciliwung river due to the changes of impervious cover. 
Framework of The Study
This study was conducted with several stages, namely data collection, land use data processing, determine water quality indices, and correlation-regression analysis. 
Water Quality Indices Methods

CCME-WQI Method
CCME-WQI method is the calculation to determine the status of the water quality by combining three vectors (F1 Scope, F2 Frequency and F3 Amplitude). Water quality parameters assessed include DO, BOD, pH, temperature, Turbidity, TSS, Nitrate, Total phosphate, and Fecal Coliform in the period of 2005-2016. Calculation of CCME-WQI method using the following equation [7] : [8] : (1) Compare the value of the minimum, maximum, and average water quality data, (2) The result of water quality data complies with the water quality standard then given score 0, (3) The result of water quality data does not comply with the water quality standard then given the score according to table 2, (4) All negative values are summed to get water quality status according to criteria. Table 2 . Parameter Value of Water Quality STORET [8] .
Number of Examples
Value Parameters Chemistry Physics Microbiology
NSF-WQI Method
The National Sanitation Foundation Water Quality Index (NSF-WQI) is one of the water quality analytical tools that commonly used to determined water quality status [9] . Calculation of NSF-WQI method using the following steps : (1) Determine the weight factor (Wi) and sub-index value (Li) for each parameter by using the sub-index function curve (Li). (2) Calculate the value of NSF-WQI using the following equation [9] : 
Determination of Impervious Cover
Impervious cover is any surface in the landscape that cannot effectively absorb or infiltrate rainfall [10] . These include residential roofs, roads, buildings, and the other impervious cover. In this study the impervious cover is defined as the Total Impervious Area (TIA) determined by BIG land use map 2009 [11] and the conversion of digital land use maps in 2006 and 2016 based on satellite imagery of google earth history. Total impervious area in each sub-watershed is obtained by using residential rooftops, building rooftops and transport systems as the component of impervious cover [9] . Land use data is processed using ArcGIS Software.
Correlation and Regression
Pearson correlation analysis is used to find the relationship between two variables, the impervious cover as the independent variable and the water quality indices as the dependent variables. The Kolmogorov-Smirnov normality test is used to determine whether the data distribution is normal or not. Regression analysis is used to determine the trend line of relationship between impervious cover and water quality indices. The change of impervious cover is analyzed to predict the change of water quality status due to impervious cover change.
Result and Discussion
Impervious Cover Area
Land use of Ciliwung watershed in 2006, 2009 and 2016 are processed using ArcGIS as shown as in Figure 4 . Total impervious cover areas are calculated on each subwatershed cumulatively up to monitoring locations [9] . Table 3 . Table 3 shows that Total Area IC in 2006 to 2016 significantly increased in each subwatershed (Atta'awun 4%, Katulampa 9%, Kedung Halang 10%, Pondok Rajeg 12%, Panus Bridge 12%, Kelapa Dua 13%, Condet 12%, Kalibata 12%, MT Haryono 12%, and Manggarai 12%). Total Area IC up to Manggarai subwatershed in 2006 to 2016 significantly increased from 32% to 44%. Linear regressions value (R 2 >0.9) indicated that trend line can be used to estimate IC areas in other years.
WQI Value
Water quality indices (NSF-WQI, CCME-WQI and STORET methods) using Water quality parameters namely DO, BOD, pH, temperature, Turbidity, TSS, The ICM charts showed that the greater percentage of impervious cover, the water quality significantly decreased.
Correlation and Regression Test
The Kolmogorov-Smirnov normality and runs test showed that IC, NSF-WQI, CCME-WQI and STORET variables are normal distribution and not auto correlation with Asymptotic two-tailed significance/p-value of each variable > 0.05. The Pearson correlation analyses showed that impervious cover was significantly strong negative correlated with Water Quality Index CCME(r = 0.58, p < 0.01) and STORET (r = 0.54, p < 0.01). While impervious cover was significantly negatively correlated with Water Quality Index NSF (r = -0.32, p < 0.01). The results of linear regression showed that Impervious cover significantly effecting Water Quality Index with CCME-WQI (R 2 = 0,34, p < 0.01), STORET (R 2 = 0.30, p < 0.01), and NSF-WQI (R 2 = 0.10, p < 0.01), which means that the R 2 values are variations of Impervious cover factor that can affect the water quality indices and the rest is influenced by other factors. Therefore, the linear regression model can be used to predict the change of water quality status in Ciliwung River in 2030. Overall predicted results in 2030 status of water quality in each subwatershed decreased, e.g. CCME-WQI in Katulampa and Kedung Halang decreased from "Marginal" to "Poor", NSF-WQI in Kelapa Dua decreased up to Manggarai from "Medium" to "Bad".
CCME-WQI
Conclusion
Impervious cover proved to have a strong inverse relationship with water quality indices. The results of the analysis show that Impervious cover factor can influence the water quality significantly and the rest is influenced by other factors. The correlation-regression models can be used to predict the water quality status of Ciliwung River. Therefore, the result can be a warning for all stakeholders that the management Ciliwung watershed is needed especially urban planning, monitoring and supervision to the waste management for residential, industrial and commercial areas in Ciliwung watershed.
